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THE PLANING CHARACTERISTICS OF TWO V-SHAPED 
PRISMATIC SURFACES HAVING ANGLES OF 
DEAD RISE ОҒ 20° AND 109 


Ву Derrill B. Chambliss and George M. Boyd, Jr. 
SUMMARY 


The principal planing characteristics have been obtained for two 
V-shaped prismatic surfaces having angles of dead rise of 20° ana 409. 
The load, wetted lengths, resistance, center-of-pressure location, and 
limited draft data are presented for speed coefficients up to 25.0 
beam-loading coefficients from 0.85 to 87.33, keel-wetted-length—beam 
ratios up to approximately 8.0, and trims up to 30°. Тһе data indicate 
that, for a given condition of load, speed, and trim, the wetted length, 
the distance of the center of pressure from the trailing edge, and the 
drag increase with an increase in the angle of dead rise. 


INTRODUCTION 


A general program of research on the planing characteristics of a 
series of related prismatic surfaces has been undertaken by the National 
Advisory Committee for Aeronautics and is described in reference 1. The 
primary objective of this program is an extension of the range of experi- 
mental data on planing surfaces to cover the high trims and wetted lengths 
of interest in the design of high-speed water-based airplanes. 


This paper presents the hydrodynamic force data for two V-shaped 
planing surfaces having angles of dead rise of 20° and 40°. Load, wetted 
lengths, resistance, center-of-pressure location, and limited draft data, 
are given for speed coefficients up to 25.0, trims up to 30°, and wetted- 
length—beam ratios up to 8.0. Similar data for surfaces having angles of 
dead rise of 20° and 40° and horizontal chine flare are presented in 
references 1 and 2. i OM | 
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SYMBOLS 


beam of planing surface, ft 


draft at trailing edge (measured vertically from undisturbed 
water level), ft 


acceleration due to gravity, 32.2 ft/sec 
chine wetted length, ft 


keel wetted length, ft 


+ 1 
2 


1 
mean wetted length, = for these models, ft 


center-of-pressure location (measured along keel forward of 
M 
trailing edge of planing surface), — παν ft 


trimming moment about trailing edge of planing surface at keel, 
ft-lb 


vertical load, lb 

friction, parallel to planing surface, lb 

horizontal resistance, lb 

Reynolds number, Ушіш/У 

principal wetted area (bounded by trailing edge, chines, and 
heavy spray line) projected on plane parallel to keel, Тур, 
sq ft 

actual wetted area aft of stagnation line, sq ft 


horizontal velocity, ft/sec 


mean velocity over planing surface, 


specific weight of water, lb/ft? 


load coefficient, A/ io? 
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CR resistance coefficient, R/wb? 
Cy speed coefficient or Froude number, V/ygb 
Се skin-friction coefficient, 

F cos B cos 


Z =. ЖЕ ш а OON. scc O - C tan T 
D 1 ( Db Lp ) 
5 SeVm E FEE т - Стр 


- 


С 
СТ, 117% coefficient based on bean, ee a= 
Ъ p 42,9 2 
ы усу Су 
2 
В CR 
CD, drag coefficient based on beam, τος о — 
ϱ үгь cy? 
л “η 
Сте Lift coefficient based on principal wetted area, 5 τος = 12/5 
2 
Dp 
Сре drag coefficient based on principal wetted area, 1-75 
р y?g — !m/b 
2 
B angle of dead rise, deg 
р mass density of water, slugs/ft3 
T trim (angle between keel and horizontal), deg 
V kinematic viscosity, £t?/ sec 


DESCRIPTION OF THE MODELS 


The models are simple V-shaped prismatic surfaces having angles of 
dead rise of 20° and 40°, as shown in figures 1 and 2, respectively. 
Each model is constructed of brass, has a rectangular plan form and a beam 
of 4 inches, and is 36 inches long. A detailed description of the con- 
struction and finish of the models is presented in reference 1. 


APPARATUS AND PROCEDURES 


A description of the Langley tank no. 1, the apparatus for towing 
the model, and the instrumentation for measuring the lift, drag, and 
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trimming moment are given in reference 3, and the general procedure for 
making the tests is given in reference 1. A diagram of the model and 


towing gear is presented in figure 3. 


The wetted lengths were usually obtained from underwater photographs, 
and when photographs were not available, visual readings were used. A 
typical underwater photograph of the V-shaped surface is shown in figure }. 
The mean wetted length was taken as the average of the keel and chine 
wetted lengths. Actually, as can be seen in figure 4, the visible stagna- 
tion line appears to be slightly curved so that the actual mean wetted 
length is slightly greater than the average of the keel and chine wetted 
lengths. The difference, however, was generally within the precision of 
measurement and therefore was neglected in the calculation of the mean 
wetted length and the principal wetted area. 


A similar underwater photograph of a surface having an 8-inch beam 
and a 20° angle of dead rise is shown in figure 5. The wool tufts 
attached to the bottom of the model show in more detail the change in 
flow at the visible stagnation line used to define the principal wetted 
area. Forward of the stagnation line, the flow is seen to be principally 
in a lateral direction and consists primarily of light spray which con- 
tributes little or по lift. Behind this line, the flow is toward the 
trailing edge with a small lateral component near the chines. 


Only a limited number of draft data were obtained since the apparatus, 
described in reference 2, for measuring the water level was not available 
during most of the tests. 


The aerodynamic tares were held to a minimum by the wind-shielding 
arrangement described in reference 1. The force data were corrected for 
any residual tares that were appreciable. The quantities measured are 
generally believed to be accurate within the following limits: 


Load. ЛБ S ὃς s S 38. а ооо £0.15 

lab ASE. x ç < x < < cee, x dos э ве жб е ee ж η ОО 

Speed, Pt/B6G s s s w ро ж уж зш de жас асе ae ас ж 0,20 

Resistance, WD: шз жож ж жя dcm «Ὁ жок dje Ей ыы жы жою жо 20 

Trimming moment, ?5-1ІР-...................... 10.50 

Wetted length, in. ....................... 50.25 
RESULTS 


"The experimental data for the surface having an angle of dead rise 
of 209 are presented in table I and those for the surface having an angle 
of dead rise of 40°, in table II. The load, resistance, speed, wetted 
lengths, and center-of-pressure location are expressed as conventional 


i Lc —  — T 


NACA TN 2876 5 


nondimensional hydrodynamic coefficients. Ву following the procedure 
used in references 1 and 2, the lift and drag coefficients are expressed 
both in terms of the square of the beam and in terms of the principal 
wetted area. The draft data are limited in scope and have therefore been 
omitted from the tables of data. Data for the dry-chine condition were 
also omitted inasmuch as the precision of the data for this condition 
became marginal because of the small wetted areas. The nonplaning condi- 
tions, those conditions strongly affected by buoyancy, for the surface 
having a 20° angle of dead rise were not included herein in light of the 
results of the supplementary low-speed schedule described in reference 1. 
For the surface having a 109 angle of dead rise, all conditions where 
buoyancy exceeded 20 percent of the total load (ref. 2) were considered 
nonplaning and were not included. 


Plots of the data are presented in figures 6 to 19. Іп general, 
the trends with dead rise are the same as those noted in reference 2. 
With an increase in the angle of dead rise, the wetted length (or area) 
required at a given lift coefficient and trim was increased. (See 
figs. 6 and 7.) The difference between the keel and chine wetted lengths 
was constant for a given trim for both models (figs. 8 and 9). This 
difference (fig. 10) was greater for the model with the higher angle of 
dead rise and showed the same trends as those predicted by the two- 
dimensional wave-rise theory of Wagner as applied in reference 1. Тһе 
experimental values are generally lower than those given by theory and 
the differences are generally greater for the surface having the higher 
angle of dead rise. 


For a given value of Ст), an increase in angle of dead rise resulted А 
іп а forward shift of the center-of-pressure location (figs. 11 and 12). 
The average ratio of ір/іш for each trim is presented in figures 13 
and 14. Increasing the angle of dead rise decreases this ratio as can 
be seen in figure 15 in which the variation of 2р/ш with trim is 
shown for both surfaces. 


Draft data for the two models are shown in figures 16 and 17 where 
the measured draft in beams is plotted against that computed from the 


1 
keel wetted length. The computed draft is defined by E sin т. These 


data show evidence of pile-up of water at the keel for both models at 
high trims. The amount of pile-up generally appears to be least for the 
surface having the higher angle of dead rise. 


Figures 18 and 19 present the total drag and the induced drag 
computed from the lift where the induced drag coefficient is defined 
by Cr, tan т. The difference between the measured drag and the induced 
drag is the friction drag. Comparison of these figures indicates that 
the increase in angle of dead rise results in an increase in friction 
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drag for a given lift coefficient because of the greater wetted area. 
At the higher trims, the friction-drag component is small or negligible 
ав compared with the induced-drag component. 


The calculated skin-friction coefficients for trims where the fric- 
tion is appreciable are plotted against Reynolds number in figures 20 
and 21. In calculating the skin-friction coefficients from the test 
data, the values obtained from faired curves of total drag coefficient 
(figs. 18 and 19) and the values obtained from faired curves of mean- 
wetted-length—beam ratio (figs. 6 and 7) were used to improve the 
precision. The grouping of the dat& with respect to the Schoenherr 
and Blasius lines suggests that the boundary layer at the higher Reynolds 
numbers was fully turbulent and that the friction at larger scales may 
be calculated with reasonable accuracy from the Schoenherr line (ref. 5). 


CONCLUDING REMARKS 


The effects of an increase in angle of dead rise on the planing 
characteristics of a prismatic surface are, in general, those that would 
be expected from a consideration of the change in geometry caused by a 
change in the angle of dead rise. For a given condition of load, speed,: 
and trim, an increase in angle of dead rise increased the wetted length 
and hydrodynamic resistance and moved the center-of-pressure location 
forward. These results are also consistent with those obtained in an 
investigation of the effects of increasing the angle of dead rise on the 
planing characteristics of prismatic surfaces having horizontally flared 
chines (NACA TN's 2804 and 2812). 


Langley Aeronautical Laboratory, 
National Advisory Committee for Aeronautics, 
Langley Field, Va., October 22, 1952. 
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TABLE 1 


EXPERIMENTAL DATA OBTAINED FOR A PLANING SURFACE HAVING A 20° ANGLE OF DEAD RISE 
LANGLEY TANK MODEL 276 
laverage kinematic viscosity *]10.55 x 1079 ft2/sec; specific weight of tank water = 63.4 lb/cu σε] 
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TABLE I - Continued 


EXPERIMENTAL DATA OBTAINED FOR A PLANING SURFACE HAVING A 20° ANGLE OF DEAD RISE 
LANGLEY TANK MODEL 276 
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TABLE I ~ Continued 


EXPERIMENTAL DATA OBTAINED FOR A PLANING SURFACE HAVING A 20° ANGLE OF DEAD RISE 
LANGLEY TANK MODEL 276 
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TABLE I = Concluded 


EXPERIMENTAL DATA OBTAINED FOR A PLANING SURFACE HAVING А 20° ANGLE OF DEAD RISE 
LANGLEY TANK MODEL 276 
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TABLE 11 


EXPERIMENTAL DATA OBTAINED FOR A PLANING SURFACE HAVING A 40° ANGLE OF DEAD RISE 
LANGLEY TANK MODEL 277 
[average kinematic viscosity = 11.60 x 10% ft2/sec; specific weight of tank water = 63.4 1b/ou rt| 
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TABLE II - Continued 


EXPERIMENTAL DATA OBTAINED FOR A PLANING SURFACE HAVING А 109 ANGLE OF DEAD: RISE 
LANGLEY TANK MODEL 277 
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TABLE II = Continued 


EXPERIMENTAL DATA OBTAINED FOR A PLANING SURFACE HAVING А 40° ANGLE OP DEAD RISE 
LANGLEY TANK MODEL 277 


HP ed ed ы 


1 
1 
1 
1 
1 
1 


2876 


NACA TN 2876 15 


TABLE II - Concluded 


EXPERIMENTAL DATA OBTAINED FOR A PLANING SURFACE HAVING A 40° ANGLE OF DEAD RISE 
LANGLEY TANK MODEL 277 
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Figure 2.- Sketch and cross section of Langley tank model 277, 40° angle 
of dead rise. 


9 i 
= 
= 
[у Sos == 
a 

| TE Draft scale | 
Dashpot l 
Towing gate 8 
То resistance 
dynamometer linkage 

AA = 

Ë 

= 

% 

Figure 3.- Setup of model and towing gear. ч 
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Figure 4,- Typical underwater photograph. 
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Figure 5.- Typical flow pattern for a V-shaped surface having a 20° angle 
of dead rise. 
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Figure 7.- Variation of mean-wetted-length—beam ratio with lift coeffi- 
cient for surface having a ho? 
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Chine-wetted-length-— beam ratio, 
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Figure 8.- Variation of chine-wetted-length—beam ratio with keel-wetted- 
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Figure 9.- Variation of chine-wetted-length—beam ratio with keel-wetted- 
length—beam ratio for surface having а 40° angle of dead rise. 


22 


МАСА TN 2876 


4Р 


with trim. 


Figure 10.- Variation of 


— — — r — n —————— 
——— —F MÀ — — —— m r s -—  — F 
MÀ — — — —M—— — —  — — —— TEO AA ET 


26 WACA TN 2876 


н 
O NOT № 


o 
o 
О 
А 
© 
δ. 
Ó 


op 


= 
N 


Center-of-pressure location, 
N 
бо 


i 
Ni 


0 š «20 ‚2+ ‚2 3 
Lift coefficient, er 


Figure 11.- Variation of center-of-pressure location with lift coefficient 
for surface having & 209 angle of dead rise, 
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Figure 12.- Variation of center-of-pressure location with lift coefficient 


for surface having a 40° angle of dead rise. 
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1 [e for surface having a 20° angle 


of dead rise. 


Figure 13.- Variation of to |b with 
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(с) Trim, 12°, 
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Figure 1h.- Variation of 15|b with 1] 
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Figure 15.- Comparison of variation of Ly / іш with trim for surfaces 
having 20° and 40° angles of dead rise. 
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Figure 16.- Comparison of experimental draft data with computed draft 


data showing pile-up at the keel for surface having a 20° angle of 


dead rise. 
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Figure 17.- Comparison of experimental draft data with computed draft 


data showing pile-up at the keel for surface having a 40° angle of 
dead rise. 


eee re te Ü t m d Үлү. 


——— — — Total drag 
— — — — Induced drag 


» Cp. 
Ka 
о 


2 


Drag coefficient 
e 


4 ero | 
` i о 


© 
€ ST „Су“ ре 
m i 
о 


(06 6 о 1,0  J2 д. 
Lift coefficient, бі, 


(а) Trim, 2°, 4°, and 6°. 


Figure 18.- Variation of drag coefficient with lift coefficient for 
surface having a 20° angle of dead rise, 
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Figure 18.- Concluded. 


ut 


9402 Μαι YOUN 


Drag coefficient, Cp, 


------- Total drag 
— — — — Induced drag 


Trim, T, deg 


,02 OU .06 .05 16 418 .20 е 22 „24 


‚10 12 . 4 А 
Lift coefficient, С b 
(a) Trim, 4° ana 6°. 


Figure 19.- Variation of drag coefficient with lift coefficient for 
surface having а 40° angle of dead rise. 
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Figure 20.- Variation of friction coefficient with Reynolds number for 
surface having a 20° angle of dead rise, 
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Figure 21.- Variation of friction coefficient with Reynolds number for 
surface having a 40° angle of dead rise. 


